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[57] - ABSTRACT

A high concentration surfactant slurry, containing at
least 50 wt. % of a higher alcohol ethoxylate sulfate salt,
is provided. This slurry has incorporated therein a poly-
oxyethylene alkyl ether having an average molecular
weight of about 4,000 to 10,000 and an alkyl group of
8-16 carbon atoms. The slurry has a reduced viscosity
and 18 not affected by the temperature, with the result.
that it can be handled easily at low temperatures. It also

exhibits no phase separation, even when it is stored over
a long period of time.

S Claims, No Drawings
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AQUEOUS HIGH CONCENTRATION SLURRY OF
ALCOHOL ETHOXYLATE

BACKGROUND OF THE INVENTION

(1) Field of the Invention

This invention relates to a high concentration surfac-
tant slurry having a reduced viscosity. More particu-
larly, it relates to a high concentration surfactant slurry
containing at least 30% by weight of a higher alcohol
ethoxylate sulfate salt as an effective surfactant ingredi-
ent, in which a special additive has been incorporated
whereby the slurry viscosity is reduced and the storage
stability 1s enhanced.

(2) Description of the Prior Art

A salt of a higher alcohol ethoxylate sulfate (which
salt is hereinafter referred to as “AES” for brevity) is
ordinarily used in the form of a homogeneous transpar-
ent solution, containing AES at a concentration lower
than the solubility in order to ensure the homogeneity
of the quality. However, from the viewpoints of in-
creasing the efficiency of utilization of a storage tank
and making the transportation of the slurry more eco-
nomical, and in order to increase the drying efficiency
and reduce the quantity of heat when AES 1s used as the
raw material for a granular detergent, it is preferred that
AES be used in the form of a high concentration slurry.
A high concentration slurry of such a surfactant has a
high viscosity and is difficult to handle. Therefore, it is
necessary to reduce the viscosity of the slurry. From
the viewpoint of easiness in handling, it is ordinarily
desired that such a high concentration surfactant slurry
should have a viscosity lower than 80 poises at a tem-
perature of from 25° to 60° C. A high concentration
AES slurry containing at least 50% by weight of AES
is used for heavy detergents, light detergents, sham-
poos, or the like. When the slurry is used for such pur-
poses, it is also desired that the properties of the slurry
should not be affected by the temperature of the slurry
and that the slurry should be able to be handled easily at
low temperatures. |

As means for solving these problems, there is known
a method in which polyethylene glycol 1s added to the
slurry (see Japanese Laid-Open Patent Application No.
116,383/75). Furthermore, we previously found that a
high concentration AES slurry, having incorporated
therein a salt of a polyethylene glycol sulfuric acid
diester having a specific molecular weight (Japanese
Laid-Open Patent Application No. 36,596/81) or a
polyoxyethylene glyceryl ether (Japanese Patent Appli-
cation No. 22,549/80), has a reduced viscosity and is not
affected by temperature and this slurry can be handled
easily at low temperatures. -

These merits of the low viscosity, high concentration
AES slurry containing the above additive are suffi-
ciently manifested when the slurry is used within a short
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period from the preparation thereof or 1s stored in a

storage tank equipped with a stirrer; but, when the
slurry is stationarily stored for a long time, undesirable
phase separation takes place and the quality becomes
non-uniform. Therefore, if the slurry is stored for a long
time in drums or other containers, the commercial value
1s drastically lowered.

SUMMARY OF THE INVENTION

It is, therefore, a primary object of the present inven-
tion to provide a high concentration AES slurry which
has a reduced viscosity, is not atfected by temperature,

2

can be handled easily at low temperatures and which
exhibits no phase separation, even when it 1s stored over
a long period of time.

In accordance with the present invention, there is
provided an improved high concentration surfactant
slurry comprising at least 50% by weight of a higher
alcohol ethoxylate sulfate salt, based on the weight of
the slurry, which slurry is characterized by containing a |
polyoxyethylene alkyl ether having an average molecu-
lar weight of about 4,000 to about 10,000, the alkyl
group of which has 8 to 16 carbon atoms.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

As the higher alcohol used as the raw material for the
preparation of AES contained as the effective surfac-
tant ingredient of the slurry of the present invention,
there can be mentioned products which are obtained by
reducing natural animal and vegetable oils and fats and
those which are obtained according to known synthetic
processes, such as the Ziegler process, the oxo process
and the paraffin direct oxidation process. The higher
alcohols may be either of a linear or branched chain
structure, and preferably have an alkyl group of 9 to 18
carbon atoms. Among these higher alcohols, there is,
preferably, a long-chain branched alcohol, represented
by the following general formula (I} or (II), or a long-
chain alcohol mixture containing at least 35% by
weight of the long-chain branched alcohol of the for-
mula (I) or (II):

RCHCH>OH

I
R2

(I)

wherein R and R; stand for an alkyl group, the carbon
number of Rj being from 1 to 3 and the sum of the
carbon numbers of R; and Rj being from 7 to 18, or

R3C|2HOH
Ry

(i1)

wherein R3 and R4 stand for an alkyl group, the carbon
number of Rj being from 1 to 9 and the sum of the

carbon numbers of R3 and R4 being from 8 to 19.

The number of moles of ethylene oxide added to the

' higher alcohol for the preparation of AES is not more

than 10 and, preferably, not more than 5.

AES may be prepared according to known conven-
tional processes. For example, AES may be prepared by
reacting a corresponding higher alcohol ethoxylate
with chlorosulfonic acid or sulfuric anhydride and neu-
tralizing the resulting reaction product with a neutraliz-
ing agent. The neutralizing agent includes, for example,
inorganic bases such as sodium hydroxide, potassium

~ hydroxide and magnesium hydroxide; and organic
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bases, such as ammonia and ethanol amine.

The high concentration AES slurry of the present
invention may be prepared by incorporating the speci-
fied polyoxyethylene alkyl ether into a high concentra-
tion AES slurry prepared in advance. However, ac-
cording to a preferred embodiment, in order to control
the increase of the viscosity occurring immediately

‘after neutralization of the sulfuric acid ester, an aqueous

solution containing 1 to 30% by weight of a polyoxy-
ethylene alkyl ether is added to the sulfuric acid ester
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together with an. alkali, whereby the intended high
concentration AES slurry can be obtained.

The polyoxyethylene alkyl ether used for the prepa-
ration of the slurry of the present invention may be

prepared by reacting a corresponding alcohol with
ethylene oxide in the presence of an alkali or acid cata-

lyst, according to customary procedures. From the
viewpoint of storage stability, the carbon chain length
of the alkyl group (i.e., the alkyl group in the starting
alcohol) in the polyoxyethylene alkyl ether should be
selected so that the carbon number of the carbon chain
is in the range of from 8 to 16. The alkyl group may be
either linear or branched. If the carbon number of the
alkyl group is 7 or less, or 17 or larger, the dispersion
stability of the resulting high concentration AES slurry
is impaired when it is stored for a long time, and the
objects of the present invention cannot be achieved.
The average molecular weight of the polyoxyethyl-

ene alkyl ether is from about 4,000 to about 10,000. If

the average molecular weight is lower than 4,000, the
storage stability of the high concentration AES slurry 1s
good, but the viscosity-reducing effect i1s not suffi-
ciently manifested. When the average molecular weight
is higher than 10,000, both the viscosity-reducing effect
and the dispersion stability are good, but the melting
point of the polyoxyethylene alkyl ether is increased to
an undesirable extent, and the preparation of the poly-
oxyethylene alkyl ether becomes difficult. |

The polyoxyethylene alkyl ether is incorporated in an
amount of 0.05 to 10% by weight, preferably 0.1 to 5%
by weight, based on the total weight of the slurry.
When it is intended to obtain a higher viscosity-reduc-
ing effect and a longer storage stability or when the
AES concentration in the slurry is increased, the
amount of the polyoxyethylene alkyl ether added
should be appropriately increased.

In the present invention, the high concentration AES
slurry i1s defined as one having an AES content of at
least 50% by weight. In general, the content of AES in
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the slurry of the present invention 1s in the range of 40

from 50 to 80% by weight, more preferably 65 to 80%
by weight, based on the weight of the slurry. In the
slurry of the present invention, water is ordinarily used
as a main dispersion medium, but in some cases, a mix-
ture of water and oil may be used as a dispersion me-
dium. A small amount of an inorganic salt may be incor-
porated in the slurry of the present invention.

As in the case of ordinary liquids, the viscosity of an
AES slurry is apt to increase as the temperature 1s low-
ered. Especially in case of a high concentration AES
slurry having an AES ingredient concentration of 65 to
80% by weight, handling or pumping transportation
becomes very difficult in winter or in cold districts. The
high concentration AES slurry of the present invention
1s characterized in that an increase of the viscosity is
effectively controlled not only at high temperatures, but
also at low temperatures. Furthermore, in the AES
slurry of the present invention, aithough the concentra-
tion is high, the viscosity is reduced to a very low level,
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and therefore, pumping transportation or handling of 60

the slurry of the present invention can remarkably be
facilitated and the slurry can be widely used as the
starting AES material for the production of various
detergents. Furthermore, since the slurry can be sup-
plied at a high concentration, the efficiency of utiliza-
tion of a storage tank can be increased and the packag-
ing and transportation costs can be reduced. Moreover,
since the viscosity is reduced, no substantial loss 1s

65

4

caused when the slurry is transported through a pipe or
transferred from a vessel.

When AES prepared from a long-chain branched
alcohol represented by the above general formula (I) or
(II) or a long-chain alcohol mixture containing at least
35% by weight of the long-chain branched alcohol of
the formula (I) or (II) is used, in addition to the above-
mentioned advantages of having a reduced viscosity at
which the liquid flows easily and increasing the storage
stability, there is also the advantage that the slurry is
easily soluble in the case where i1t 1s diluted with water
to form an aqueous solution.

The main use of the high concentration AES slurry of
the present invention is as a starting material for heavy
detergents, light detergents, shampoos, and the like.

When the high concentration AES slurry of the pres-
ent invention 1s used as the starting material of a granu-
lar detergent, since the water content of the slurry is
low, drying can be effected with an enhanced efficiency
at the spray drying step, and the amount of fuel oil, used
for drying the slurry, can be considerably lessened.
Moreover, in the high concentration AES slurry of the
present invention, the contents of inorganic salts, such
as sodium chloride and sodium sulfate, are very low,
and, therefore, the slurry can be widely used as a start-
ing material for liquid detergents, shampoos, rinsing
compositions, or the like.

The present invention will now be described in detail
with reference to the following Examples. In these
Examples, all of “%?” are by weight, unless otherwise
indicated, and the viscosity i1s a value as measured by
using a Brookfield viscometer after 3 minutes’ rotation
at a rotor rotation number of 12 r.p.m.

EXAMPLE 1

Using industrial-scale sulfonation equipment of the
continuous thin film flow-down type according to the
sulfuric anhydride process, a higher alcohol ethoxylate
(the average number of moles of ethylene oxide added
being 3.0) of an oxo alcohol having 12 to 15 carbon
atoms and a branching degree of 20% (tradename
“Dobanol 25”°) was sulfonated. The sulfonated product
was continuously neutralized with an aqueous sodium
hydroxide solution by using a jet mixer to obtain a
slurry containing 85% of AES-Na, 0.7% of the unre-
acted oil component and 1.1% of sodium sulfate, and
having a pH value of 7.0.

In a pressure-resistant glass autoclave, a predeter-
mined type of alcohol and an aqueous 20% solution of
sodium hydroxide in an amount of 0.2% based on the
alcohol were charged, and the mixture was gradually
heated in vacuo and dehydrated for 30 minutes under
final conditions of a temperature of 80° to 90° C. and a
pressure of 10 mmHg.

The inside atmosphere of the reaction vessel was
replaced by Nz and ethylene oxide was added at a tem-
perature of 130°£5° and a pressure of 1 to 3 atmo-
spheres, and, at this temperature, the reaction mixture
was stirred and aged for 30 minutes to prepare a poly-
oxyethylene alkyl ether having a predetermined averge
molecular weight. The so-prepared polyoxyethylene
alkyl ether was used in the form of an aqueous 25%
solution.

Each of the additives shown 1n Table 1 (which in-
cludes the above-mentioned polyoxyethylene alkyl
ether) was added to the above-mentioned AES-Na to
obtain a slurry having a composition shown below. The
viscosity and storage stability of the slurry were deter-
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mined, with the results shown 1n Table 1. Incidentally,

6 .
molecular weight of 4,000 to 10,000 provides an AES-

in Table 1, “MW?” indicates the average molecular Na slurry having a viscosity of not more than 80 poises,
weight. | | | - and that if such a polyoxyethylene alkyl ether is used,
the intended degree of viscosity of a surfactant slurry
T— 5 can be attained. It will also be understood that the de-
Composition of Slurry gree of the viscosity does not depend on the alkyl group
Component Content of the polyoxyethylene alkyl e'thf:r but depends on the
idEg-Na Sg‘;& | amount of ethylene oxide added. - |
ittve D0
Sodium sulfate, unreacted ofl and water ___ Balance The compositions comprising polyoxyethylen alky)
10 ethers having an average molecular weight of about
4,000 to about 10,000, which were found from the re-
TABILLE 1 | o
Run ~ Separation Percentage (%)* ! Viscosity
No. - Additive 25° C.,, 2 months 45° C,, 1 month (poises, 60° C.)
Present Invention o " |
1 Polyoxyethylene octyl ether (MW = ca 6,000) 0 0 12
2 Polyoxyethylene lauryl ether (MV/ = ca 6,000) 0 0 70
3 Polyoxyethylene palmityl ether - (MW == ca 6,000) 0 0 75
4 Polyethoxylate of C13-C3 alcohols (MY = ca 6,000) 0 0 72
5 Polyethoxylate of Cy7_15 alcohols (MW == ca 6,000) 0 0 72
Comparison
6 Polyoxyethylene glyceryl ether (MVY == ca 6,000) 2.8 0.8 70
7 Sodium polyoxyethylene glycol disulfate (MV/ == ca 6,000) 3.5 1.8 75
8 Polyethylene glycol (MW = ca 6,000) 3.0 1.0 85

Note *!350 g of the sample was charged in a cylindrical glass bottle, the bottle was staled and the sample was allowed to stand still for a predetermined time, and the

separation percentage was measured.

From the results shown in Table 1, it will readily be
understood that the AES-Na slurry containing the poly-
oxyethylene alkyl ether incorporated therein, according
to the present invention, is excellent over comparative
samples in long-period storage stability and, since the
slurry according to the present invention has a reduced
viscosity, it can be handled very easily.

EXAMPLE 2.

The carbon number of the alkyl group and the num-
ber of moles of ethylene oxide added in the polyoxyeth-
ylene alkyl ether were varied, and influences of these
factors on the effect attained by addition of the poly-
oxyethylene alkyl ether were examined. More specifi-
cally, various polyoxyethylene alkyl ethers shown in
Table 2 were independently added to the AES-Na used
in Example 1 to obtain slurrles havmg a composition
shown below.

Composition of Slurry
Component Content
AES-Na 68%
Polyoxyethylene alkyl ether 0.5%
Sodium sulfate, unreacted oil and water Balance

The viscosities of these slurries were measured at 60°
C. to obtain the results shown in Table 2. Incidentally,
when no polyoxyethylene alkyl ether was added, the
viscosity was 110 poises at 60° C.

TABLE 2

Viscosity (poises) of Formed Slurry
Average Molecular Weight

Alkyl Group of
Polyoxyethylene

Alkyl Ether 500 2000 4000 5000 6000 8000 10000
Hexyl (Cg) 98 85 70 59 58 58 60
Octyl (Cg) 100 85 70 59 58 57 59
Lauryl (Cq3) 100 90 70 57 55 57 59
Myristyl (Cy4) 100 90 72 58 56 56 60
Palmityl (Cjg) 103 92 75 59 57 59 60
Stearyl {Cjg) 105 95 72 59 58 58 60

From the results shown in Table 2, 1t will readily be
understood that a polyoxyethylene alkyl ether having a
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sults shown 1n Table 2 to exert a viscosity-reducing
effect, were subjected to the storage stability test. The
storage stability was evaluated according to the centrif-
ugal separation test (30 minutes’ rotation at room tem-
perature and 3,600 r.p.m.), which is one of the acceler-

ated storage stability tests. The obtained results are
shown i1n Table 3.

TABLE 3

Separation Percentage (%) of Slurry

Alkyl Group in Average Molecular Weight of
Polyoxyethylene Polyoxyethylene Alkyl Ether
Alkyl Ether 4,000 6,000 10,000
Hexyl 4 4 9
Octyl 0 0 0
Lauryl 0 0 0
Myristyl 0 0 0
Paimityl 0 0 0
Stearyl 8 9 9

From the results shown in Table 3, it will readily be
understood that the stability of the surfactant slurry
depends on the carbon chain length of the alkyl group
in the polyoxyethylene alkyl ether added and that, in
order to obtain a slurry having a good storage stability,
it is preferable to add a polyoxyethylene alkyl ether
containing an alkyl group having 8 to 16 carbon atoms.

From the foregoing results, it is seen that in order to
obtain an AES-Na slurry having a low viscosity and
good storage stability, it 1s necessary to add a polyoxy-
ethylene alkyl ether containing an alkyl group having 8
to 16 carbon atoms and having an average molecular
weilght of 4,000 to 10,000.

EXAMPLE 3

Oxo alcohol (tradename “Diadol 13”) was subjected
to fractional distillation to obtain a branched alcohol
containing an alkyl group having 1 to 3 carbon atoms at
the B-position (the total carbon number being 13) and a
linear alcohol (the carbon number being 13). Ethylene
oxide was added to the respective alcohols (the average
number of moles of added ethylene oxide being 3.0)
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according to customary procedures, and the resulting
addition products were subjected to sulfonation and
then neutralization (sodium hydroxide was used) to
obtain branched AES and, linear AES. They were
mixed at various mixing ratios and, by using these mix-
tures, slurries containing 68% of AES and 0 or 0.7% of
a polyoxyethylene lauryl ether, having an average mo-
lecular weight of 6,000 with the balance being water,
were prepared. The solubility in water and viscosity at
60° C. of each slurry were measured. The obtained
results are shown in Table 4. The water solubility was
determined in the following manner. Namely, the sam-
ple slurry was added to water maintained at 40° C. with
stirring at 300 r.p.m., and the time (minutes) required

S

10

for forming a homogeneous solution containing 10% of 13

AES was measured.

Composition of Slurry

Component Content
AES-Na 68%
Additive 0.7%
Sodium sulfate, unreacted o1l and water Balance
TABLE 4
Amount (%) of
| Branched Polyoxyethylene Solubility
Rin AES/Linear Lauryl Ether In Water Viscosity
No. AES Ratio Added (minutes)  (poises)
Present
Invention
1 0/100 0.7 40 78.0
2 30/70 0.7 30 65
3 40/60 0.7 22 61
4 30/50 0.7 18 59
5 100/0 0.7 9 48
Com-
parison
6 40/60 0 60 102
7 30/50 0 47 90

When these compositions were stored at 45° C. for 1
month, it was found that the compositions according to
the present invention had good storage stability.

We claim:

1. An aqueous high concentration slurry of an alcohol
ethoxysulfate comprising:

20

25

30

45

50

33

65

8

(a) at least 50% by weight based on the weight of the

slurry of a higher alcohol ethoxysulfate and

(b) 0.05 to 10% by weight based on the weight of the

slurry of a polyoxyethylene alkyl ether having an

average molecular weight of about 4,000 to about

10,000, the alkyl group of said ether having 8 to 16
- carbon atoms.

2. A slurry according to claim 1, wherein the content
of the polyoxyethylene alkyl ether in the slurry is in the
range of from 0.1 to 5% by weight based on the weight
of the slurry. |

3. A slurry according to claim 1, wherein a higher
alcohol, used for the preparation of the higher alcohol
ethoxylate sulfate salt, is a long-chain branched alcohol
represented by the following formula (I) or (II), or a
long-chain alcohol mixture containing at least 35% by

weight of the long-chain branched alcohol of the for-
mula (I) or (II):

R1CHCH;0H

)
R;

(I)

wherein R and R; stand for an alkyl group, the carbon
number of Rj1s from 1 to 3 and the sum of the carbon
number of Ry and Ry is from 7 to 18, and

R3CHOH

|
R4

{ID)

wherein R3 and R4 stand for an alkyl group, the carbon
number of R31s from 1 to 9 and the sum of the carbon
numbers of R3 and R4 1s from 8 to 19.

4. A slurry according to claim 1, wherein said higher
alcohol ethoxysulfate (a) is prepared by adding ethylene
oxide to a higher alcohol, sulfating the ethylene oxide-
added higher alcohol and then neutralizing the sulfated
product, the number of moles of ethylene oxide being
not more than 10 per mole of the higher alcohol.

5. A slurry according to claim 4, wherein the poly-
oxyethylene alkyl ether (b) 1s incorporated in the form
of an aqueous solution of 1 to 30% by weight concentra-
tion into the slurry, simultaneously with the neutraliza-
tion of the sulfated product with an alkali in the course

of preparing the higher alcohol ethoxysulfate.
X ¥ ¥ * ¥
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